| INTRODUCTION (LAWRENCE PLATT)
This manuscript describes the debate "Fetal MRI should be performed in all prenatally detected fetuses with a major structural abnormality."
We had 2 well-known experts on each side-Professor Richard Barth Worldwide, the prevalence of all genetic birth defects ranges from a high of 82 per 1000 live births in low-income regions to a low of 39.7
per 1000 live births in high-income regions. 1 Keeping these numbers in mind, it is recognized that the technological advances of both ultrasound and MRI imaging have dramatically improved in the last 2 decades providing excellent imaging quality in each of these modalities. The cost and portability differ significantly between these systems.
The issue at hand is modality is better not only between the two but also availability and access to each of these approaches. What follows is each expert's position. and to prevent the morbidity and mortality associated with perinatal asphyxia.
| FIRST DEBATER: DR RICHARD A. BARTH, MD (STANFORD)-YES, ALL PRENATALLY DETECTED FETUSES WITH A MAJOR STRUCTURAL ABNORMALITY SHOULD HAVE
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FIGURE 1 Fetal chest mass. Twenty-six weeks of gestational age. Magnetic resonance imaging accurately depicts a large predominately cystic congenital pulmonary airway malformation (arrows) in the right chest. At age day 1, the child underwent surgical resection without the need for postnatal computed tomography scan 
| Soft tissue resolution
The advent of ultra-fast MRI pulse sequences and rapid acquisition times provided superior soft tissue resolution compared with ultrasound, enabling more accurate diagnosis of many fetal anomalies. Initially, MRI was mainly applied to the central nervous system. 14 Subsequently, the radiographic, genetic, and obstetric literature have reported the expanded utility of MRI for evaluating anomalies of the fetal face, eyes, skin, heart, lungs, gastrointestinal, and genitourinarysystems. 15 Adrenal masses are just 1 example of the added value of MRI's soft tissue resolution to improve diagnostic accuracy. 16 Adrenal region masses include subdiaphragmatic sequestration, adrenal hemorrhage, neuroblastoma, and lymphatic malformations. For neuroblastoma associated with liver metastases, correct diagnosis is critical for parental counseling, planning delivery location, and immediate postnatal management ( Figure 4 ).
| MR tissue characterization
Magnetic resonance imaging T1 weighted pulse sequences offer a distinct advantage compared with ultrasound for assessing the gastrointestinal tract by highlighting meconium as bright signal within the colon and accurately differentiating the colon from the small intestine.
Magnetic resonance imaging visualization of meconium improves accuracy for the diagnosis of gastrointestinal obstruction, anorectal malformations, and presacral masses. Accurate diagnosis helps minimize the need for postnatal X-ray procedures and other imaging studies.
For example, MRI complements ultrasound for assessing presacral masses by depicting the anatomic relationship of the mass to the meconium filled rectum and lower spine allowing for a precise diagnosis 17 ( Figure 5 ).
| Conclusions of the "for" debater
In summary, the technical advantages of MRI compared with ultrasound provide a strong argument for performing MRI to assess all FIGURE 3 Neck mass. Thirty weeks of gestational age. Airway could not be seen on ultrasound due to shadowing from the fetal skull and facial bones. Sagittal plane magnetic resonance imaging demonstrates large complex anterior neck mass (black arrow) with airway compromise. The naso pharynx (white arrow) is abruptly cut off by the mass consistent with airway compromise FIGURE 4 Metastatic neuroblastoma. Thirty-six weeks of gestational age. Ultrasound diagnosed a solid adrenal mass with systemic arterial blood supply as a sequestration. Axial plane magnetic resonance imaging through the upper abdomen demonstrates multiple high signal metastatic nodules (arrow heads) within the liver confirming metastatic neuroblastoma. Liver metastases were not seen on ultrasound FIGURE 5 Presacral mass in a female fetus. Twenty-two weeks of gestational age. Sagittal T1 weighted magnetic resonance image demonstrates a presacral mass (black arrow) displacing the rectum (white arrow) anteriorly most consistent with a type 4 sacrococcygeal teratoma, which was confirmed after birth. There are 2 approaches to fetal ultrasound. The first is when the operator is inexperienced or does not have the expertise to optimize images. In this case, it may be difficult or impossible to provide a confident diagnosis with ultrasound. It is easier for the ultrasonographer to simply default and to request a fetal MRI scan instead of completing the ultrasound scan. Given this scenario, it is certain that MRI will provide more useful information than ultrasound. Much of the literature comparing fetal MRI with ultrasound, which demonstrates the "superiority" of MRI, is biased by comparison with ultrasound cases in which scans are incomplete or suboptimally performed. 20 The second approach is to use ultrasound to obtain as much information as possible about the fetus, to make a definitive prenatal diagnosis. With recent advances in ultrasound technology, including 3D ultrasound, exquisite diagnostic images can be obtained. In the first trimester, with ultrasound, major structural anomalies can be diagnosed with confidence, and this allows earlier decisionmaking and clinical management at an earlier gestational age ( Figure 6 ). Fetal MRI is not helpful in the first trimester due to inherently low spatial resolution. With meticulous ultrasound examination, a confident diagnosis of major congenital anomalies can be made without the need for fetal MRI.
| MODERATOR'S CONCLUSIONS
In summary, access to each modality and the cost differences will continue to be a deciding factor for many patients and their physicians.
The technical advantages of MRI compared with ultrasound provide an argument for the utilization of MRI in the diagnosis of major fetal anomalies. While the goal is the same between modalities-to obtain the greatest amount of information about the fetal anatomy and/or fetal condition-it is recognized that each modality performs better over the other at different times in pregnancy.
Professor Barth (For) argued the superiority of fetal MRI citing possible improvements to family counseling regarding pregnancy FIGURE 10 The high resolution and sensitivity of ultrasound in the imaging of calcification is superior to magnetic resonance imaging in diagnosing skeletal dysplasias with subtle features. In this image of the fetal femur at 22 weeks, stippled epiphyseal calcifications (arrow) are consistent with a diagnosis of chondrodysplasia punctata Professor Pugash (Against) argued that ultrasound is a better diagnostic tool when evaluating structural anomalies in the first trimester. 21 In addition, in the hands of a skilled sonologist, ultrasound is the better performer when evaluating the fetal heart and detecting movement disorders. Other diagnostic advantages of ultrasound over MRI include the ability to assess the fetal vascular anatomy and physiology by using Doppler studies and to be able to obtain 3D and 4D
images routinely throughout the pregnancy.
When a definitive diagnosis can be obtained with ultrasound, the cost-benefit ratio may not support using MRI. Conversely, when a definitive diagnosis cannot be obtained, adding a fetal MRI into the evaluation does support the use of MRI for prenatal diagnosis in appropriate cases and may add value. Further, the differences identified in this debate suggest that an opportunity remains to consider a multicenter trial to evaluate the added role of fetal MRI.
What is already known is that both ultrasound and MRI have a role in the diagnosis of fetal malformation. What is not known yet is the additional information about the differences in diagnostic accuracy between fetal MRI and ultrasound and the role where ultrasound alone is superior to MRI should obviate the need for MRI in the first trimester. The added value of fetal MRI is improved family counseling, pregnancy management including termination of pregnancy counseling, and reducing complications in the newborn period.
